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EXECUTIVE SUMMARY 
• The purpose of this study was to evaluate concentrations of arsenic, mercury, selenium, 
and chlorinated hydrocarbon compounds in interior least tern eggs from the northern Great 
Plains states from 1992 through 1994. The Environmental Contaminants Specialists in 
Kansas, Nebraska, South Dakota, North Dakota, and Montana agreed on a standard protocol 
for collection and analyses of eggs during the study period. 
• Addled, fiooded, or abandoned eggs collected during the study period were submitted for 
chemical analysis by the Environmental Contaminants Specialist in each state. 
• A total of 104 eggs were analyzed for arsenic, mercury, and selenium; 78 of them also 
were analyzed for chlorinated hydrocarbons. 
• Concentrations of some contaminants, particularly mercury, were difficult to interpret. 
Therefore, we also evaluated recent least tern productivity in the northern Great Plains states. 
• Arsenic was detected in only 13 of the 104 eggs analyzed, and was unlikely to have 
detrimental effects on least tern reproduction. 
• The geometric mean mercury concentrations for individual states each year were below 
0.50 /A-gjg fresh weight (a concentration that is known to affect other species), but I I % of the 
eggs contained mercury at more than that concentration. 
• Only 20 (19%) of the eggs contained selenium at less than the 3 /A-gjg dry weight 
concentration currently considered to be safe for avian reproductive success. Twenty-six 
percent of the eggs contained more than 5 /A-gjg dry weight. Thus, selenium likely is affecting 
least tern nesting success in the study area. 
• Cyclodienes in 36 (46%) of the eggs analyzed for chlorinated hydrocarbons equaled or 
exceeded the concern level of O. 10 /A-gjg wet weight. The concentrations of oxychlordane 
and heptachlor epoxide, the most toxic components of technical chlordane were low in all 
eggs. Dieldrin and chlordane compounds and metabolites were ubiquitous in the tern eggs, 
and might be affecting least tern reproduction in the study area. 
• DDT was detected at very low concentrations in some of the 1992 eggs, which shows 
that the terns had very recently been exposed to DDT. It was not detected in 1993 or 1994 
eggs. DDT compound concentrations found are not likely to have detrimental effects on the 
population. 
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• PCB concentrations in eggs did not appear likely to affect reproductive success. 
• Least tern nesting success in most locations in the study area was not sufficient to ensure 
survival of the interior population. Though nest fiooding and predation likely are the major 
causes of the low recruitment. the results of this study indicate that selenium and mercury may 
be hampering reproduction. 
• An analysis of least tern forage fish for contaminants in the study area should be 
undertaken to determine if there are locations where forage fish are high in selenium or 
mercury. 
• Management of water in nesting areas to reduce selenium concentrations in least tern 
food sources should be considered. 
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INTRODUCTION 
The interior population of the least tern (Stema antll/arum atha/assos) was listed as endangered in 
1985 (50 Federal Register 21, 784-21, 792). Therefore, the U.s. Fish and Wildlife Service 
(Service) and other agencies are involved in efforts to increase the population of the interior 
least tern, as outlined by Sidle and Harrison (1990). 
The major reason for listing the interior least tern as endangered was population reductions 
due to habitat losses caused by changes in the historic flow regimes along central U.S. rivers 
(Sidle and Harrison 1990: I). Contaminants may also playa role in the decline in numbers of 
the interior least tern, (U.S. Fish and Wildlife Service 1990). Tems acquire contaminants 
through the food chain, from drinking water, from preening feathers, and via inhalation. The 
pollutants may be derived from industrial effluents, agricultural runoff, air pollution fallout, 
natural erosion, and biogeochemical cycles. 
Wintering areas of interior least terns include Central American and South American 
coastlines (Sidle and Harrison 1990). Though use of persistent chlorinated hydrocarbon 
pesticides continued in many areas outside the United States (Botero et al. 1996, Mora 1995, 
Mora et al. 1987, Ohlendorf et al. 1982,), not all DDT compound contamination is from 
other countries orfrom DDT use (Hunt et al. 1986, Risebrough et al. 1986). The 
persistence, bioaccumulation, and lipophilic characteristics of chlorinated hydrocarbons are 
special problems. Female birds eliminate organochlorines (and some metals) by sequestering 
them in their eggs, which may jeopardize developing embryos (Lamb et at. 1967, Bogan and 
Newton 1977). 
This study was undertaken to determine concentrations of several inorganic contaminants of 
concern and of chlorinated hydrocarbons in least tern eggs in Region 6 of the Service. 
Environrnental Contaminants Specialists in Montana, North Dakota, South Dakota, Nebraska, 
and Kansas had analyses of least tern eggs done when possible for several years prior to 199 I . 
However, collection methods, preparation of the samples, analyses requested, and the 
analytical laboratory used for the analyses varied considerably. This report presents 
information from standardized sampling and analyses conducted from in 1992 through 1994. 
Good least tern nesting success and recruitment would indicate that the contaminants found 
in least tern eggs would have minimal impacts on the population. Therefore, we also 
examined data on interior least tern reproduction in the northern Great Plains, to discover 
possible effects of contaminants on nesting success. 
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STUDY AREA 
Eggs analyzed for this study were collected at Quivira National Wildlife Refuge (Quivira) in 
central Kansas, on or adjacent to the Platte River in Nebraska, on the Missouri River below 
Gavins Point Dam in South Dakota, on the Missouri River below Lake Sakakawea in North 
Dakota, and along the Missouri River below Fort Peck Dam in Montana (Figure I). 
METHODS 
In 1991 the Kansas, Nebraska, South Dakota, North Dakota, and Montana Field Offices in 
Region 6 of the Service agreed to undertake analyses of least tern eggs; agreeing to use 
composite samples of three eggs from the same clutch from abandoned or flooded nests to 
analyze for arsenic, mercury, and selenium by atomic absorption spectrophotometry (AAS); 
for other metals by induction coupled plasma emission spectrophotometry (ICP); and on 
chlorinated hydrocarbons by electron capture gas chromatography (GC). The North Dakota 
office followed these protocols in 1991, except that individual eggs were analyzed. 
The 1991 sampling showed that there was minimal concern over most metals analyzed by 
ICP; and we found that the analytical laboratories could analyze individual eggs even though 
the samples were small. From 1992 through 1994, Environmental Contaminants Specialists in 
the five states requested analyses of individual eggs, using AAS to test for arsenic, mercury, and 
selenium and GC for analyses of organochlorines. The Environmental Trace Substances 
Research Center (ETSRC) in Columbia, Missouri analyzed for inorganics, and the Mississippi 
State Chemical Laboratory (MSCL), Mississippi State University, analyzed chlorinated 
hydrocarbon concentrations. The samples were shipped to ETSRC; aliquots were sent to 
MSCL. 
Because the interior least tern is a federally-listed species, collection of viable eggs was not 
permitted. Therefore only eggs that were flooded, addled, or abandoned were collected. 
The eggs were padded to prevent breakage, placed on ice, and transported to the Field Office 
in the state of collection. The eggs were either frozen whole in the shell or the shell was 
carefully broken and the contents of the egg were placed into a chemically-cleaned glass jar 
(polyethylene in North Dakota in 1993) and frozen. Damaged eggs were not analyzed. 
Nominal wet weight detection limits at ETSRC were 0.05 I-'g/g for arsenic, 0.0 I I-'g/g for 
mercury, and 0.1 I-'g/g for selenium; the actual detection limits varied slightly due to sample 
size. Dry weight concentrations were calculated from the wet weight concentrations, and 
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Figure I, Least tern egg sarnpling locations in the northern Great Plains states, 1992-1994 
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ETSRC reported both, We report both fresh wet weight and dry weight concentrations for 
arsenic, mercury, and selenium. We report wet weight concentrations for chlorinated 
hydrocarbons, and all discussions of organics refer to wet weight values. 
MSCL analyzed the aliquots for hexachlorobenzene (HCB); alpha-, beta-, gamma-, and 
delta-benzene hexachloride (BHC) (properly called hexachlorocyclohexane [HCH], which we 
use hereafter); oxychlordane, alpha- and gamma-chlordane; cis- and trans-nonachlor; 
heptachlor epoxide; the o,p' and p,p' forms of DDT, DOE, and DOD; endrin; dieldrin; mirex; 
toxaphene; and total polychlorinated biphenyls (PCBs), The detection limit for the 
compounds was 0,0 I i"?Jg wet weight, except for toxaphene total PCBs, and for individual 
aroclors, for which the detection limit was 0,05 i"?Jg wet weight. Wet weight concentrations 
were reported by MSCL, Lipid-normalization does not improve data reporting (Huckins et a/. 
1988, Schmitt et a/. 1990), so we report only wet weight concentrations. Some samples 
were too small for organics analyses or funding was not available for the analyses. 
No anomalies were reported in the samples. Each sample was large enough for the 
laboratory to determine the concentration of each element or compound at the limit of the 
analytical equipment. Laboratory quality control was reviewed by the Patuxent Analytical 
Control Facility of the Service. Precision and accuracy of the laboratory analyses were 
confirmed with procedural blanks, duplicate analyses, test recoveries of spiked materials, and 
reference material analyses. Round-robin tests among Service contract analytical labs also 
were part of the quality control. 
To standardize our samples and correct for weight loss after the eggs were laid, we followed 
the method of Hoyt (1979) to calculate the average fresh wet weight of least tern eggs, We 
used the mean length and breadth measurements for eggs collected at Quivira, in Nebraska, 
North Dakota, and the egg from Montana in 1994, to calculate a mean fresh wet weight of 
9. 109, using Hoyt's general Kw value of 0,548 (Table I). We assumed that all weight loss in 
the eggs was due to loss of water, so the wet weight concentrations reported by ETSRC and 
MSCL were corrected to approximate fresh wet weight concentrations by multiplying the 
reported wet weight concentrations by the ratio of the sample weight divided by 9.0 I g. The 
fresh wet weight concentrations are given in the tables of results, and discussions of wet 
weight values are based on corrected concentrations. 
Geometric means were calculated for those cases in which at least half of the samples 
contained a detectable concentration of the particular contaminant. To calculate the mean we 
used a value of one-half of the detection limit for those samples in which the contaminant was 
not detected. 
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I Table I, Length and breadth measurements for leasttem eggs from Kansas, Nebraska, North Dakota, and Montana, Measurements of eggs from Nebraska were converted from 
I 
measurements in inches, 
Egg M~asur!:ment:; (mm) 
I Fresh Egg State Length Breadth Mass (g)' 
Kansas 30, II 22.92 8,67 
I Kansas 31,82 23.02 9.24 
I Kansas 31,54 23.47 9,52 Kansas 32,87 22.78 9.35 
I Kansas 29,68 23.52 9,00 Kansas 30,81 23,63 9.43 
I Kansas 30,15 23.44 9,08 
Nebraska 32,89 21,62 8.42 
I Nebraska 32.56 21,62 8.34 
Nebraska 33.48 22,23 9,06 
I Nebraska 3007 22.45 8.31 
Nebraska 29.44 25,10 10,16 
I Nebraska 30.48 21,97 8,06 
I 
Nebraska 29,03 23,5 8,78 
Nebraska 29,21 23,8 907 
I Nebraska 29,97 23,50 9,07 Nebraska 30.58 22,94 8,82 
I Nebraska 30,91 23,50 9.35 Nebraska 29,85 23,50 9,02 
I Nebraska 31.75 23,50 9,61 
Nebraska 32.39 24,13 10.33 
I 
I U 
I 
I 
I 
I Table I (continued). Length and breadth measurements for least tern eggs from Kansas. Nebraska. North Dakota. and Montana. Measurements of eggs from Nebraska were 
I 
converted from measurements in inches. 
Egg M~gsurements (mm) 
I Fresh Egg State Length Breadth Mass (g)' 
I Nebraska 30.48 23.50 9.22 Nebraska 29.21 23.50 8.84 
I Nebraska 27.94 22.86 8.00 Nebraska 27.94 22.86 8.00 
I Nebraska 30.12 23.11 8.82 
Nebraska 30.20 22.23 8.18 
I Nebraska 31.42 23.62 9.61 
Nebraska 32.00 22.45 8.84 
I Nebraska 30.94 23.60 9.44 
Nebraska 31.47 22.61 8.81 
I North Dakota 32.25 22.45 8.91 
North Dakota 32.40 24.25 10.44 
I North Dakota 28.65 23.85 8.93 
I North Dakota 31.15 23.10 9.11 North Dakota 30.10 24.05 9.54 
I North Dakota 30.90 22.70 8.73 North Dakota 30.85 23.15 9.06 
I North Dakota 30.80 23.40 9.24 
North Dakota 30.85 22.95 8.90 
I North Dakota 31.70 22.80 9.03 
North Dakota 30.60 23.40 8.79 
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Table I (concluded). Length and breadth measurements for least tern eggs from Kansas, 
Nebraska, North Dakota, and Montana. Measurements of eggs from Nebraska were 
converted from measurements in inches. 
Egg MS:il>~jrs:ms:nt> (mm) 
Fresh Egg 
Length Breadth Mass (g)' 
State 
North Dakota 29.30 23.40 8.79 
Montana 30.12 23.39 9.03 
7=9.01 
I Calculated using Hoyt's (1979) general formula: (0.548 x length In em x (breadth In em)'). Excludes shell. 
In two instances, ICP analyses of eggs were requested in addition to the MS analyses for 
arsenic, mercury, and selenium, The results of the ICP analyses and their implications are not 
discussed in this report, 
In one case a Field Office also requested analysis of individual aroclors in the 1992 eggs in 
addition to an organochlorine scan. In another case, a Field Office requested a standard 
organochlorine scan, but a scan and an aroclor analysis were ordered by PACF. In those 
cases, MSCL did not report the total PCB concentration. 
For most of the samples from South Dakota in 1993 and for a few other eggs, neither the 
submitter nor the analytical laboratory reported sample weights, Wet weight concentrations 
in those samples could not be corrected to fresh wet weight values; we report the 
uncorrected concentrations, 
Because concentration data were not normally distributed for all contaminants in all years, we 
used a Kruskal-Wallis nonparametric test (Kruskal and Wallis 1952) run with SYSTAT 
(SYSTAT, Inc., Evanston, Illinois) to determine whether there were significant differences 
between mean concentrations of mercury, selenium, or cyclodienes between states in 1992 
and 1993 (the 1994 samples sizes were too small for testing), The significance level for the 
tests was 0,05, We used the multiple comparison method of Siegel and Castellan (1988) to 
determine which states differed significantly. The overall significance level for the multiple 
comparisons was 0,05, 
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RESULTS AND DISCUSSION 
The number of eggs from each state in each year is shown in Table 2. A total of 104 eggs 
were analyzed for arsenic, mercury, and selenium. In some cases organics analyses were not 
requested or the samples were too small for the analysis, so 78 eggs were analyzed for 
chlorinated hydrocarbons. 
Table 2. Numbers of least tern eggs analyzed from each state, 1992-1994. 
Numbers in parentheses are the numbers analyzed for chlorinated hydrocarbons. 
Number of Eggs Analyzed 
State 1992 1993 1994 TOTAL 
Kansas 4 (4) 3 (3) 0 7 (7) 
Nebraska 20 (20) 6 (6) I (0) 27 (26) 
South Dakota 10 (9) 19 (0) 5 (0) 34 (9) 
North Dakota 16 (16) 16 (16) 0 32 (32) 
Montana 0 3 (3) I (I) 4 (4) 
TOTAL 52 (49) 47 (28) 7 (I) 104 (78) 
ARSENIC, MERCURY, AND SELENIUM 
Arsenic, mercury, and selenium concentrations in the eggs analyzed are shown in tables 3. 4, 
and 5. 
Arsenic 
Arsenic is a relatively common element present in air, water, soils and all living tissues. It is 
used in the production of herbicides, insecticides, desiccants, wood pneservatives and growth 
stimulants for plants and animals (Eisler 1988). Large quantities of arsenicals are released into 
the environment as a result of industrial and agricultural activities. Although evidence is 
accumulating that arsenic is beneficial or even nutritionally essential, it is also a teratogen and 
carcinogen that can cross placental barriers and produce fetal death and malformations in 
I 
I 
I Table 3. Arsenic, mercury, and selenium concentrations in least tern eggs in 1992. Means are geometric means. NC = Not calculable. NA = Not analyzed. 
NO = Not detected. 
I Egg Percent Arsenic Mercu!:): Sel~nium 
Mass (g) Moisture Ory Wet Ory Wet Ory Wet 
I Kansas 7.5 7404 NO NO 0.99 0.21 4.60 0.99 
8.2 77.6 NO NO 4.70 0.99 3.80 0.77 
I I 8.2 7004 NO NO 4.40 1.17 2.60 0.69 
8.1 74.0 NO NO 0.69 0.16 4.20 0.98 
I )( = 1.94 )( =0.44 )( =3.72 )( =0.85 Nebraska 
7.6 76.5 NO NO 1.40 0.27 3.70 0.73 
I 6.7 75.7 NO NO 1.50 0.27 3.80 0.68 6.5 79.2 NO NO 1.40 0.21 5.60 0.86 
6.5 78.1 NO NO 1.00 0.16 5.90 0.93 
I 4.0 NA 0.20 0.G4 0.23 0.06 1.10 0.27 2.5 50.7 NO NO 0.37 0.05 2.10 0.27 
5.6 75.9 NO NO 0.85 0.12 6.30 0.92 
I 4.8 74.9 NO NO 1.50 0.20 720 0.95 3.6 74.0 NO NO 0.25 0.03 4.40 0.43 
6.0 71.3 NO NO 1.70 0.32 4.00 0.73 
I 3.5 74.1 NO NO lAO 0.14 3.40 0.34 5.0 77.8 NO NO 1.60 0.19 5.50 0.66 
3.9 78.5 NO NO 2.30 0.21 5.70 0.51 
I 3.5 NA NO NO 1.40 0.16 5.00 0.54 3.2 77.0 NO NO 2.30 0.19 5.80 0046 
I 3.6 77.3 NO NO 1.80 0.16 5.40 0.48 204 73.3 NO NO 3.40 0.24 3.60 0.26 
6.0 75.7 NO NO 1.20 0.19 5.30 0.86 
I 2.2 72.9 NO NO 1.20 0.08 3.60 0.24 3.5 76.0 NO NO 1.70 0.16 5.10 0.47 
)(=NC )(=NC )( = 1.19 )( =0.15 )( =4.32 )( =0.53 
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I Table 3 (concluded), Arsenic, mercury, and selenium concentrations in least tern eggs in 1992, Means are geometric means, NC = Not calculable, NA = Not analyzed, 
NO = Not detected, 
I Egg Percent Arsenic MercuQ: S~I~nitJm 
Mass (g) Moisture DC!: Wet DC!: Wet DC!: Wet 
I South Dakota 6,1 NA ND ND 1,80 0,26 4,70 0,68 
I NA 80, I 0,20 0.04' 0.10 0,08 7.70 1.50' NA 78.9 ND ND 0.64 0,13' 7.00 1.50' 
NA 84,8 ND ND 0.46 0,07' 2,80 0.43' 
I NA 81.3 ND ND 1,53 0,29' 4,00 0.75 NA 85,5 ND ND 0,70 0,10' 4,40 0,64' 
NA 84.3 ND ND 135 0,21 ' 5,10 0,80' 
I NA 82.5 ND ND 0.53 0,09' 4,20 0,74' NA 82.4 ND ND 0.20 0,04' 3,10 0.55' 
NA 83,5 0,40 007 1,19 0,20' 4.10 0,68' 
I )(=NC )(=NC )(=0,72 )(=0,13' )(=4,50 )(=0,80' North D.kota 
5, I 77,5 ND ND 1,88 0,24 4,98 0,63 
I 4.4 78,2 ND ND 3,10 0.33 5,20 0,55 4,9 77.6 ND ND 2,29 0,28 5,00 0.60 
4,6 80.4 ND ND 1.42 0,14 5.41 0,54 
I 4,7 80,2 ND ND 1.69 0,17 4,32 0.15 2,8 78,6 ND ND 1.52 0,10 4.74 0.31 
I 5,0 80,9 ND ND 0.83 0,09 2,91 0,30 2,6 77.6 ND ND 1,94 0,12 3,65 0,23 
2,5 80,6 ND ND 1.57 0,08 3,88 0,20 
I 4,2 74,8 ND ND 3.08 0,36 4,09 0.18 4,8 79,6 ND ND 2.77 0,30 4,21 0.45 
3,9 71,1 ND ND 1,23 0,15 3,65 0.46 
I 5,6 78.3 ND ND 0.41 0,05 720 0,97 5, I 73.2 ND ND 0.41 0,06 6,87 1,03 
5.3 81.7 ND ND 1,64 0,18 5.48 0,58 
I 4,0 78,3 ND ND 136 0,13 3,94 0.38 )(-NC )(-NC )( - 1.47 )(-0,15 )(-4,60 )( -0.47 
I Uncorrected wet weight concentrations, The analytical laboratory did not report sample masses. 
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Table 4. Arsenic, mercury, and selenium concentrations in least tern eggs in 1993. Means are 
geometric means. NC = Not calculable. NA = Not analyzed. ND = Not detected. 
Egg Percent 8r~~ni!: M~rQjC< S<;I<:nium 
Mass (g) Moisture DC!: Wet DC!: Wet DC!: Wet 
~ 
8.9 74.6 ND ND 1.80 0,45 230 0.57 
9.1 763 ND ND 2.90 0.59 1.90 0,45 
63 69.9 ND ND 1.90 0,40 1.80 038 
7=NC 7=NC 7=2.15 7 =0.50 7= 1.99 7 =0,46 
N~bra:;kg 
6.5 77.0 ND ND 4.40 0.71 4.60 0.79 
6.0 76.0 ND ND 3.20 0.51 330 0.52 
5.5 79.8 ND ND 4.00 0,49 4.00 0,49 
6.0 77.0 ND ND 2.10 032 3.60 0.55 
4.0 71.5 ND ND 3.08 039 4.80 0.62 
6.0 78.7 ND ND 2.80 0,40 5.20 0.73 
7=NC 7=NC 7=3.17 7 =0,45 7=4.20 7=0.60 
mammals (Eisler 1988). Arsenic is bioconcentrated in organisms, but does not biomagnify in 
the food chain (Eisler 1994). Arsenic concentrations in mallard ducks (Anas p/atyrhynchos) quickly 
drop to normal upon retum to a diet without added arseniC (Pendleton et al 1995). 
Eisler (1994) reported that arsenic concentrations in biota are usually less than I !J.gjg fresh 
weight. Eggs of mallard ducks fed a diet without added arsenic contained a mean arsenic 
concentration of 0.23 {tgjg; eggs of those on a diet supplemented with 25 {tgjg dry weight 
had a mean arsenic concentration of 0.46 wgjg (Stanley et aI 1994). Thus, if the differences 
between species are discounted, the detectable concentrations in the least tern eggs that 
contained arsenic would correspond to a diet with it added. However, there were no 
apparent effects on hatching success or defomnities in mallards (Stanley et aI 1994), even at 
concentrations much higher than those found in this study. Arsenic was detected in only 13 of 
the eggs analyzed, and the maximum concentration found was only 0.40 !J.gjg dry weight. It 
was unlikely to have had detrimental effects, even on individual eggs. 
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Table 4 (continued). Arsenic, mercury, and selenium concentrations in least tern eggs in 
1993. Means are geometric means. NC = Not calculable. NA = Not analyzed. 
ND = Not detected. 
Egg Percent Arsenic Ms:rwCt Selenium 
Mass (g) Moisture OCt: Wet OCt: Wet OCt: Wet 
SQulh OakQta 
3.0 NA 0.05 0.01 1.80 0.21 5.50 0.63 
4.6 NA NO NO 4.09 0.50 3.70 OA5 
7.0 NA NO NO 1.50 0.2) 4.60 0.75 
4.6 NA NO NO 1.70 0.20 4.60 0.55 
4.8 NA NO NO 0.93 0.11 3.80 OA3 
6.9 NA NO NO 1.60 0.27 4.70 0.83 
6.5 NA NO NO 1.20 0.21 3.90 0.68 
3.6 NA 0.01 <0.01 0.67 0.06 8.00 0.70 
SA NA NO ND 0.64 0.09 12.0 1.67 
6.0 NA NO NO 0.82 0.12 3.70 0.55 
4.0 NA 0.01 <0.01 1.30 0.14 3.30 0.35 
5.2 NA NO NO 0.80 0.12 4.20 0.63 
SA NA NO NO 1.30 0.17 4.30 0.57 
5.1 NA NO NO 1.30 0.18 5.20 0.72 
2.8 NA NO NO 1.90 0.17 5.20 OA6 
3.4 NA NO NO 5.19 0.38 4.80 0.35 
4A NA NO NO 2.56 0.28 4.50 OA8 
4A NA NO NO lAO 0.19 3.60 OA8 
4.8 NA NO NO 1.30 0.17 3.60 OA8 
JZ=NC JZ=NC ~=IA4 JZ=0.18 ~ =4.65 ~ =0.58 
I 
I 
I Table 4 (concluded), Arsenic, mercury, and selenium concentrations in least tern eggs in 1993, Means are geometric means, NC = Not calculable, NA = Not analyzed, 
ND = Not detected, 
I Egg Percent Ar~~ni~ M!:;q;Yl)! Sel~nil1m 
I Mass (g) MOisture Dcy Wet Dcy Wet Dcy Wet North Dakota 
5.5 77J ND ND 1,70 0,24 4.40 0,60 
I 5,5 75, I 0.40 0,06 1,70 0,25 4,10 0,60 5,0 75.3 ND ND 1,60 0,22 3.40 0.46 
I 
5,5 76.4 ND ND 3,90 0,56 2,60 0.37 
6,0 76.4 ND NO 3,10 0.48 3,80 0,59 
7,7 77.2 ND NO 2,50 0.48 3,90 0,75 
I 5,8 74,8 NO NO 1,90 OJI 3,80 0,61 6,0 75,5 NO NO 1,60 0.26 4.50 0,73 
6.3 76,9 NO ND 1,90 0.30 4,70 0,76 
I 6,9 74,2 NO ND 3,10 0,61 3JO 0,64 7,5 78,5 ND ND 2,60 0.46 3,50 0,62 
I 7, I 72.6 ND ND 0,92 0,20 3.30 0,70 6,6 75,9 ND NO 3.30 0,57 3,50 0,61 
7,0 74,9 ND NO 3,50 0,68 3.50 0,68 
I 6,6 74.4 NO NO 3,20 0,59 2,80 0,52 70 78,8 NO NO 2,80 0.45 3,00 0.49 
7=NC 7=NC 7 =2.30 7 =0,39 7 =3,59 7=0,60 
I MQnlana. 5,0 ' 72.5 NO NO 0,79 0,12 3.40 0,51 
I 4,1 73.2 NO NO 1.40 0,17 2,50 0.30 6.3 74.4 NO NO 0,82 0,15 3.30 0,59 
7 =0,97 7-0,14 7-3,04 7 -0.45 
I Mass reported by the submitter: value reported by the analytical lab was in error. 
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Table 5. Arsenic, mercury, and selenium concentrations in least tern eggs in 1994. 
Means are geometric means. NC = Not calculable. NA = Not analyzed. NO = Not 
detected. 
Egg Percent Ars~ni~ Mer~wc;i Sel~nium 
Mass (g) Moisture Dei Wet Dei Wet Dei Wet 
NeQca,k. 
4.0 73.9 ND ND 0.95 0.11 4.60 0.53 
South Dakota 
3.1 NA ND ND 1.70 0.15 4.70 0.42 
5.3 NA ND ND 0.31 0.06 4.60 0.81 
6.0 NA ND ND 0.29 0.06 5.60 1.18 
5.7 NA 0.06 0.01 1.20 0.18 5.80 0.82 
5.1 NA 0.04 0.01 1.30 0.16 5.40 0.68 
)(=NC )(=NC )( =0.75 )(=0.11 )( =5.22 )( =0.74 
MQnt.o. 
7.3' NA ND ND 2.04 0.41 3.90 0.79 
Mass reported by the submitter; analytcal lab did not report mass. 
Mercury 
Mercury is a cumulative poison Uenkins 1981) and is very toxic to fish (Eisler 1987). The 
potential for mercury bioaccumulation in birds and fish is high to very high Uenkins 1981). 
Mercury is strongly bioconcentrated and biomagnified, has no useful physiological functions in 
fish and wildlife; is a carcinogen, mutagen, and teratogen; and in animals is easily transformed 
from an inorganic form to the more toxic methylated form (Eisler 1987). 
It appears that the effects of mercury are more pronounced in some species of birds. 
Dietary mercury has been correlated with production of fewer eggs and increased duckling 
and embryonic mortality (Heinz 1974). Spann et aJ. (1972) reported that in pheasants 
(Phasi.nus co/chk:us) a concentration of 0.9 /-lg/g wet weight reduced hatching success. Heinz 
(1979) reported that mallard egg concentrations of 0.79 to 0.86 /-lg/g wet weight in eggs 
reduced neither hatching success nor duckling survival through three generations, though they 
may have reduced some other measures of nesting success. However, he did report 
aberrant behavior in hatchlings from eggs with wet weight concentrations of 0.80 /-lg/g or 
more. Herring gull (Larus argentatus) eggs from Alberta, Saskatchewan, and Manitoba that 
contained 0.5 to 2.0 /-lg/g wet weight hatched successfully (Vemneer 1971). Burger and 
Gochfeld (1995) reported annual geometric mean mercury concentrations in herring gull eggs 
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of 0,172 to 0.458 l1g/g wet weight at a nesting colony on Long Island in New York, Gulls 
nesting at that colony were exposed to mercury in their foods, The authors concluded that 
the concentrations found were "within the general range for mercury levels," 
Concentrations up to 16 J-lg/g wet weight did not appear to affect herring gull hatching or 
fledging success in Ontario (Vermeer et al. 1973), Koster et al. (1996) determined that 
mercury levels up to 0,88 l1g/g wet weight in herring gull eggs from the Great Lakes were not 
a factor in the poor reproduction of the species there, 
In South Dakota, Greichus et al. (1973) found mean mercury concentrations in eggs of 
double-crested cormorants (PhaJacrocorax auntus) and white pelicans (Pelecanus erythrorhynchos) of 
0,29 and 0,22 l1g/g wet weight, respectively, White and Cromartie (1977) reported average 
concentrations in hooded mergansers (Lophodytes cucullatus) eggs from the northeast in 1975 of 
1,0 I l1g/g wet weight. of 0,64 l1g/g in the midwest, and 0,6211g/g in the south-central United 
States, Hooded mergansers eggs in Missouri in 1973 contained an average of 0,74 l1g/g wet 
weight; in 1975 the mean was O,92I1g/g, In 1975 in North Dakota, hooded merganser eggs 
contained an average of 0,73 l1g/g wet weight (White and Cromartie 1977), Like least tems, 
those species feed largely on fish. 
King et al. (1991) reported that mercury concentrations in eggs of Forster's (Sterna fomen) 
and Caspian (Stema caspla) terns from coastal Texas were 0,50 l1g/g wet weight or less, and 
"were considerably lower than levels found in fish-eating waterbirds from mercury 
contaminated areas in [the] United States and Canada," They also concluded that the mean 
concentration of 0.46 l1g/g wet weight had no effect on hatching success of black skimmers 
(Rhyncops niger). At two lakes in Ontario, Fimreite (1974) found that at a common tern (Stema 
hllvndo) nesting colony at which the mean mercury concentration in eggs was 3,65 l1g/g wet 
weight, fledging success was only 10 to 12 percent. At a colony with what Fimreite believed 
to be normal fledging success, the mean was I ,00 l1g/g wet weight. Common terns had 
lower nesting success and fledging rates when mercury concentrations in eggs were over I ,0 
l1g/g wet weight (Connors et aI. 1975), 
Wiemeyer et a/. (1984) suggested that mercury concentrations in eggs of bald eagles 
(Haliaeetus leucocephalus) of more than 0,50 l1g/g wet weight might adversely affect 
reproduction, The mean concentrations for successful and unsuccessful nests were 0, I I and 
0, 15 l1g/g wet weight, which were not significantly different. Geometric means in bald eagle 
eggs from different states from 1980 to 1984 ranged from 0,06 to 0.41 l1g/g wet weight 
(Wiemeyer et aI. 1993), Concentrations in eggs in Arizona were 0,06 to 0,29 l1g/g wet 
weight (Grubb et aI. 1990), The maximum mean concentration in osprey (Pandion haliaetus) 
eggs from various U,S, locations from 1973 through 1978 was 0,2211g/g wet weight 
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(Wiemeyer et a/. 1988). Audet et a/. (1992) reported median concentrations in osprey eggs 
from Massachusetts, Maryland, and Virginia of 0.05 to 0.1 I j1gjg wet weight, with a maximum 
concentration of 0.24 j1gjg. 
King et a/. (1991) agreed with Faber and Hickey (1973) that residues less than 0.25 j1gjg wet 
weight may represent background levels. Burger and Gochfeld (1995) reported that mercury 
concentrations in eggs generally range from 0.15 to 3.0 j1gjg, dry weight. Thompson (1996) 
concluded that 0.50 j1gjg wet weight in eggs would "have little detnmental effect on 
reproduction. " 
The maximum concentration in any egg collected for this study was I . 19 j1gjg fresh weight, 
and the geometric means for all eggs for all years were 0.20 j1gjg wet weight and 1.44 j1gjg 
dry weight'. The geometric means for individual states each year were below 0.50 j1gjg, I I 
(I 1%) of the eggs contained more that concentration. Those eggs were from Kansas, 
Nebraska, and North Dakota. Some of the eggs had a mercury concentration that may have 
been detrimental to reproduction, but the information in the literature does not make that 
assessment certain. 
Kruskal-Wallis analysis of the 1992 and 1993 mercury data showed that there was no 
significant difference between states in 1992 (P=0.209). However, in 1993 there were 
differences (P<O.OO I). Concentrations in the Nebraska eggs were significantly higher than 
those in South Dakota and Montana eggs. Concentrations in North Dakota eggs also were 
higher than those in eggs from South Dakota. 
Selenium 
Selenium is widely distributed in nature. It is an essential trace nutrient for terrestrial and 
aquatic organisms. However, the range between a dose that is nutritionally beneficial and one 
that is toxic is very narrow (Eisler 1985, Skorupa et a/. 1996). In addition, the effect levels of 
the compounds of selenium also vary greatly (Heinz et al. 1989). Most authorities agree that 
selenium released as a result of human activities or found in naturally seleniferous areas poses 
the greatest threat to fish and wildlife (Eisler 1985). 
The concern level for selenium in bird eggs is now much lower than it was just a decade ago. 
Heinz et a/. (1987) and Lemlyand Smith (1987) gave a concern level of 15 to 20 j1gjg dry 
weight. Skorupa and Ohlendorf (1991) concluded that for black-necked stilts (Hknantopus 
mexicanus) and American avocets (Recurvirostra amencana). much lower hatching success was 
, Includes uncorrected wet weight concentrations from South Dakota in 1993. 
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associated with a mean concentration of 2.4 f.J,g/g wet weight, or about 8 f.J,g/g dry weight. 
Lemly (1993) reported that mortality and deformities increase as concentrations rise, and may 
affect 50% or more of all birds when residues reach 10 f.J,g/g in eggs, and recommended that 
3 f.J,g/g dry weight in eggs be taken as the threshold for selenium impacts on avian 
reproduction. Lemly ( 1995), in his protocol for evaluating selenium hazards to biota, 
considered concentrations of 5 to 12 f.J,g/g dry weight to represent a low hazard, though he 
intended that egg concentrations to be added to other measures to evaluate the overall 
hazard to biota. Skorupa et a/. (1996) stated that background means in bird eggs should be 3 
f.J,g/g or less, and the maximum concentration should be less than 5 f.J,g/g dry weight. Heinz 
(1996) also considered 3 f.J,g/g dry weight the threshold for reproductive impairment, though 
he warned that "setting the threshold at 3 [,ug/g] leaves only a narrow margin of safety, 
especially because so few species have been tested under controlled laboratory conditions." 
Differences in effects of selenium toxicity in different biota brought Lemly (1993) to 
recommend studies of reproductive perfonmance to provide conclusive evidence of adverse 
effects. Skorupa et a/. (1996) presented data to clearly point out different thresholds of 
selenium toxicity between different avian taxa. 
Because the eggs were not randomly collected, the values from this study can not be 
considered representative ofthe population. Nevertheless, the geometric mean selenium 
concentrations exceeded 3 f.J,g/g dry weight in every state and every year except in Kansas in 
1993, as did the concentration in the egg from Montana in 1994. Only 20 of the eggs 
contained less than 3 f.J,g/g dry weight. Some of the eggs clearly contained selenium 
concentrations of concern; 27 (26%) contained more than 5 f.J,g/g dry weight. These 
selenium concentrations are similar to those measured in interior least terns eggs in the past 
(Allen 1992, Charbonneau 1993, Ruelle 1991, U.s. Fish and Wildlife Service 1990, Welsh and 
Mayer 1993). 
Knuskal-Wallis analyses of selenium concentrations in 1992 and 1993 indicated that there 
were no significant differences between states in 1992 (P=0.609). In 1993 though, 
concentrations in eggs from Kansas were lower than those in eggs from Nebraska and South 
Dakota (P<O.OO I). 
CHLORINATED HYDROCARBON COMPOUNDS 
Delta HCH; gamma chlordane; endrin; o,p'-DDT; toxaphene; and mirex were not detected 
in any egg in 1992. In 1993, alpha HCH; beta HCH; delta HCH; gamma chlordane; endrin; 
p,p'-DDT; o,p'-DDT; o,p' -DDE, and mirex were not found in any egg. Not detected in the 
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egg from Montana in 1994 were HCH; gamma chlordane; oxychlordane; endrin; DDT; o,p'-
DOE; DOD; or mirex. The results of analyses of the eggs for chlorinated hydrocarbon 
compounds are shown in tables 6, 7, and 8. 
Cyclodienes (chlordane compounds, heptachlor, aldrin, endrin, dieldrin, and endosulfan) are 
the most acutely toxic of the chlorinated hydrocarbons (Blus 1995). Some researchers have 
concluded that cyclocienes are less important in eggshell thinning than are DDT compounds. 
We suspect that is so largely because the cyclodienes are less common and because dieldrin 
residues often are highly correlated with those of DDT compounds. However, other 
cyclodienes have been shown to sometimes reduce reproductive success; like DDT 
compounds, dieldrin has been implicated in eggshell thinning (Lehner and Egbert 1969, 
Davison and Sell 1974). Wiemeyer et al. (1986) found that "dieldrin residues in eggs were 
more closely related to shell thickness than DOE", though they suspected that the result was 
due to lower than expected thinning from DOE. Atkins and Linder (1967) reported reduced 
fertility and hatchability in eggs from female pheasants fed dieldrin. In contrast, Mendenhall et 
a/. (1983) provided evidence that in birds dieldrin is more a factor in direct mortality than in 
diminished reproduction. 
Eisler (1990) suggested 0.1 /J-yg as the no-observable-effect level for cyclodienes in fish. In 
36 (46%) of the eggs the concentrations equaled or exceeded that level. In most of those 
cases the concentration was high enough for us to discount concerns about concentrations at 
the limits of the analytical methods. Concentrations of oxychlordane and heptachlor epoxide, 
the most toxic components of technical chlordane (Wiemeyer 1996), were low in all eggs, but 
dieldrin and chlordane compounds and metabolites were ubiquitous. However, Weseloh et 
al. (1989) concluded that similar concentrations in eggs of common terns in the Canadian 
Great Lakes were not high enough to be important in the population dynamics of the species 
there. Wiemeyer et al. (1988) and Audet et aI. (1992) concluded that higher dieldrin 
concentrations in osprey eggs than we found in least tem eggs were not likely to affect 
productivity, 
Analysis of the 1992 and 1993 data for cyclodienes showed that concentrations showed 
differences between states (P<O.OO I in 1992; P=0.002 in 1993). Concentrations were 
significantly lower in North Dakota than in Nebraska in 1992. Concentrations were 
significantly higher in Nebraska than in North Dakota and Montana in 1993. 
Among the chlorinated hydrocarbons. DDT compounds are best known for their effects on 
eggshell thinning and reproductive failure in birds. Brown pelicans (Pelecanus ocCidentalis) along 
the gulf coast in Louisiana were found to have been very seriously impacted by DOE, Blus 
(1982) detenmined that reproduction was affected at approximately 3 /J-yg in eggs. Henny 
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I Table 6. Wet weight chlorinated hydrocarbon compound concentrations in least tern eggs in 1992. Shaded values equal or exceed the criterion for protection of biota. Means are 
I 
geometric means. NC = Not calculable. NA = not analyzed. NO = Not detected. 
Percent Percent alpha beta gamma alpha 
I Moisture LiQid HCB HCH HCH HCH chlordane Kansas 
85.1 8.20 NO NO NO NO NO 
I 86.1 740 NO NO NO NO NO 
81.8 18.20 NO NO NO NO NO 
I 82.8 6.90 NO NO NO NO 0.027 7=NC 
I N<:br."ka NA NA NO NO NO NO 0.008 
NA NA NO NO NO NO 0.007 
I NA NA NO NO NO NO NO NA NA NO NO NO NO 0.007 
I NA NA NO NO NO NO NO NA NA NO NO NO NO 0.005 
NA NA NO NO NO NO 0.006 
I NA NA NO NO NO NO 0.005 
75.0 11.60 NO NO NO NO NO 
I NA NA NO NO NO NO 0.013 76.0 1040 NO NO NO NO 0.008 
I NA NA 0.005 NO NO NO 0.022 78.0 6.30 NO NO NO NO 0.026 
NA NA NO NO NO NO 0.004 
I 78.0 742 NO NO NO NO 0.011 77.0 7.76 NO NO NO NO 0.012 
I 73.0 11.60 NO NO NO NO 0.008 NA NA NO NO NO NO 0.013 
77.0 11.50 NO NO NO NO 0.007 
I 77.0 8.93 NO NO NO NO NO 
7=NC 7=0.011 
I 
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I Table 6 (continued). Wet weight chlorinated hydrocarbon compound concentrations in least tern eggs in 1992. Values in bold equal or exceed the criterion for protection of biota. Means 
! I 
are geometric means. NC = Not calculable. NA = not analyzed. NO = not detected. 
Percent Percent alpha beta alpha gamma 
I Moisture Lil2id HCB HCH HCH HCH chlordane South Dakota' 
70.0 12.70 0.01 0.01 0.01 0.01 0.05 
I 72.0 12.30 0.01 ND ND ND 0.06 73.0 12.70 0.01 ND ND ND 0.02 
76.8 10.90 ND ND ND ND 0.06 
I NA 13.00 0.01 ND 0.01 ND 0.02 NA 8.47 ND ND ND ND ND 
I 76.0 12.50 0.01 ND ND ND ND NA 27.00 0.01 0.01 ND ND 0.04 
67.0 4.42 ND ND ND ND 0.02 
I )( =0.0 I )(=NC )(=NC )(=NC )( =0.02 NQd;h QakQjg 
NA NA 0.006 ND ND ND 0.006 
I NA NA ND ND ND ND 0.005 NA NA ND ND ND ND ND 
I NA NA 0.005 ND ND ND 0.005 NA NA ND ND ND ND 0.005 
NA NA 0.003 ND ND ND 0.003 
I NA NA ND ND ND ND ND NA NA ND ND ND ND 0.003 
I NA NA ND ND ND ND 0.003 NA NA ND ND ND ND ND 
NA NA ND ND ND ND ND 
I NA NA 0.009 ND ND ND 0.004 NA NA ND ND ND ND ND 
NA NA ND ND ND ND ND 
I NA NA ND ND ND ND ND NA NA ND ND ND ND ND 
I )(=NC )( =0.003 
Uncorrected wet weight concentrations. 
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Table 6 (continued). Wet weight chlorinated hydrocarbon compound concentrations in least 
tern eggs in 1992. Values in bold equal or exceed the criterion for protection of biota. Means 
are geometric means. NC = Not calculable. NA = not analyzed. ND = not detected. 
CIS trans heptachlor cyclodiene 
nonachlor nonachlor o~chlordane eQoxide dieldrin total Q. Q'-OOT Q, Q'-OOE 
~ 
NO NO NO NO NO NO NO 0.082 
NO NO NO NO NO NO NO 0.117 
NO NO NO NO 0.018 0.018 0.018 0.144 
0.027 0.062 0.018 0045 0.018 0.009 0.134 
)(=NC )(=NC )(=NC )(=NC )( =0.009 )( =0.0 17 )( =0.008 )(=0.118 
Nebraska 
0.017 0.Q25 0.008 0.Q25 •··•• •• ··0;100·.· &184······ NO 0.384 
0.015 0.037 0.007 0.022 0.074 .iQ;igi····· NO 0.162 
NO 0.007 0.007 0.004 0.014 0.068 NO 0.121 
0.007 0.014 0.007 0.007 0.036 0.079 NO 0.193 
NO 0.004 0.009 0.009 0.002 0.046 NO 0.123 
NO 0.008 0.003 0.001 0.001 0.019 NO 0.330 
0.006 0.018 0.006 0.006 0.012 0.055 NO 0.191 
0.011 0.005 0.005 0.005 0.016 0.047 NO 0.121 
NO 0.008 0.008 0.004 0.012 0.051 0.004 0.024 
0.026 0.040 0.020 0.026 NO 0.112 
NO 0.D31 0.012 0.015 0.012 0.115 
0.044 0.104 0.027 0.049 NO 0.253 
NO 0.069 0.021 0.034 0.013 0.171 
0.019 0.D38 0.012 0.019 0.073 NO 0.181 
NO 0.D35 0.014 0.Q28 0.067 0.011 0.141 
NO 0.036 0.012 0.Q28 0.067 0.008 0.131 
NO 0.Q21 0.005 0.013 0.047 0.095 0.005 0.200 
0.026 0.053 0.020 0.033 0.066 NO 0.171 
NO 0.019 0.007 0.012 0.027 0.073 NO 0.075 
NO 0.019 0.015 0.027 0.062 "0:142· NO 0.092 
)(-NC )( -0.022 )( -0.010 )(-0.013 )( -0.D31 *Wb;ioit )(-NC )( -0.144 
I 
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I Table 6 (continued). Wet weight chlonnated hydrocarbon compound concentrations In least tern eggs in 1992. Shaded values equal or exceed the criterion for protection of biota. Means 
are geometric means. NC = Not calculable. NA = not analyzed. ND = not detected. 
I CIS trans heptachlor cyclodiene 
nonachlor nonachlor o~chlordane el20xide dieldrin total 12. 12'-OOT 12. 12'-OOE 
I South OgkQta I NO 0.18 0.04 0.07 0.06 0.04 0.38 
I NO 0.13 0.10 0.24 0.20 003 0.55 NO 003 0.01 003 0.05 NO 0.17 
NO 0.05 0.03 0.04 NO NO 0.54 
I NO 0.04 0.02 003 0.09 NO 0.77 NO NO NO NO 0.05 0.05 NO 0.21 
I NO NO NO NO 0.04 0.05 NO 0.25 NO 0.09 0.02 003 0.05 0.05 0.64 
NO 0.05 0.01 0.03 0.02 NO 0.16 
I :< =0.04 :< =0.02 :< =0.03 :< =0.04 :<=0.17 :<=NC :< =0.32 NQd;h QakQla 
NO 0.017 0.006 0.011 0.011 0.050 NO 0.129 
I NO 0.010 0.005 0.005 0.005 0.029 NO 0.073 NO 0.016 0.005 0.005 0.005 0035 NO 0.086 
I NO 0.010 0.005 0.010 0.010 0.040 NO 0.091 NO 0.010 NO 0.005 0.010 0034 NO 0.114 
NO 0.015 0.006 0.009 0.003 0.037· NO 0.089 
I NO 0.005 NO NO NO 0.016 NO 0.055 NO 0.003 NO 0.003 NO 0.011 NO 0.131 
NO 0.003 NO 0.003 NO 0.011 NO 0.107 
I NO NO NO NO NO NO NO 0.152 NO 0.005 NO 0.005 NO 0.018 NO 0.063 
I NO 0.009 NO 0.004 0.004 0.024 NO 0.227 NO NO 0.006 0.006 NO 0.022 NO 0.037 
NO NO 0.006 0.006 NO 0.020 NO 0.028 
I NO 0.006 NO 0.006 NO 0.020 NO 0.070 NO 0.004 0.004 0.004 0.004 0.020 NO 0.022 
I :< -0.006 :< -0.003 
Uncorrected wet weight concentrations. 
:< -0.005 :< -0.004 :< -0.023 :< -0.078 
I 
I ~ 
I 
I 
I 
I Table 6 (continued). Wet weight chlorinated hydrocarbon compound concentrations in least tern eggs in 1992. Shaded values equal or exceed the criterion for protection of biota. Means 
I 
are geometric means. NC = Not calculable. NA = not analyzed. NO = not detected. 
Arochlor Arochlor Arochlor Arochlor total 
I 
0, Q'-OOE Q, Q'-OOO 0, Q'-OOO 1242 1248 1254 1260 PCBs 
Kansas 
NO NO NO NA NA NA NA NO 
I NO NO NO NA NA NA NA NO NO NO 0.018 NA NA NA NA NO 
NO NO 0.027 NA NA NA NA NO 
I )( =0.010 Nebraska 
I NO 0.008 NO NA NA NA NA 0359 NO 0.007 NO NA NA NA NA 0.442 
NO NO NO NA NA NA NA 0.193 
I NO 0.007 NO NA NA NA NA 0.300 NO NO NO NA NA NA NA 0.431 
NO NO NO NA NA NA NA 0.159 
I NO 0.006 NO NA NA NA NA 0357 NO 0.005 NO NA NA NA NA 0.427 
I NO NO NO NA NA NA NA 0.010 NO 0.013 NO NA NA NA NA 0.336 
NO NO NO NA NA NA NA 0.462 
I NO 0.016 NO NA NA NA NA 0.412 NO NO NO NA NA NA NA 0.514 
I NO NO NO NA NA NA NA 0.423 NO NO NO NA NA NA NA 0.457 
NO NO NO NA NA NA NA 0.435 
I NO NO NO NA NA NA NA 0.198 NO 0.007 NO NA NA NA NA 0.323 
NO NO NO NA NA NA NA 0.290 
I NO NO NO NA NA NA NA 0.242 )(=NC )( =0.284 
I 
I 
I ~ 
I 
I 
I 
I Table 6 (concluded). Wet weight chlorinated hydrocarbon compound concentrations in least tern eggs in 1992. Shaded values equal or exceed the criterion for protection of biota. Means 
I 
are geometric means. NC = Not calculable. NA = not analyzed. ND = not detected. 
Arochlor Arochlor Arochlor Arochlor total 
I 
0, Q'-OOE ~,~'-OOO 0, ~'-OOO 1242 1248 1254 1260 PCBs 
SQ!.!1h O.kQIg' 
0.11 NO 0.06 NO NO NO NO NA 
I NO NO NO NO NO NO NO NA NO NO 0.02 NO NO NO NO NA 
NO NO 003 NO NO NO NO NA 
I NO NO 003 NO NO NO NO NA NO NO 0.G2 NO NO NO NO NA 
I NO NO 0.02 NO NO NO NO NA 0.01 NO 0.04 NO NO NO NO NA 
NO NO NO NO NO NO NO NA 
I )(=NC )( =0.02 NQd:h O.~ot. 
NO 0.006 NO NA NA NA NA 0.319 
I NO 0.005 NO NA NA NA NA 0.218 NO 0.005 NO NA NA NA NA 0.232 
I NO NO NO NA NA NA NA 0.349 NO NO NO NA NA NA NA 0.310 
NO 003 NO NA NA NA NA 0.246 
I NO NO NO NA NA NA NA NO NO NO NO NA NA NA NA NO 
NO NO NO NA NA NA NA NO I NO NO NO NA NA NA NA NO 
NO NO NO NA NA NA NA 0.190 
I NO NO NO NA NA NA NA 0.210 NO NO NO NA NA NA NA NO 
NO NO NO NA NA NA NA NO 
I NO NO NO NA NA NA NA 0.175 NO NO NO NA NA NA NA 0.180 
I )(=NC )( =0.075 
Uncorrected wet weight concentrations. 
I 
I ~ 
I 
I 
I 
I Table 7. Chlorinated hydrocarbon concentrations in least tern eggs in 1993. Shaded values equal or exceed the criterion for protection of biota. Means are geometric means, 
I 
NC = Not calculable, NA = not analyzed, ND = not detected. 
Mass Percent Percent alpha CIS trans 
I 
(g) Moisture Li[2id HCB chlordane nonachlor nonachlor 
~ 
NA NA I 1.40 ND ND 0,010 0,020 
I NA NA 10.40 ND ND ND 0,010 NA NA 13.40 ND ND 0,007 0,007 
7=0,007 7=0.011 
I N<:Qrg,kg NA NA NA ND 0,007 ND 0.014 
I NA NA NA ND ND ND 0.013 NA NA NA ND ND ND 0.024 
NA NA NA ND 0.007 ND 0.053 
I NA NA NA ND ND 0.009 0.026 NA NA NA ND 0.007 0,013 0,033 
7=0,004 7=NC 7 =0,024 
I NQrth DakQ1g NA NA NA 0,006 ND ND 0,006 
I NA NA NA ND ND ND 0,006 NA NA NA ND ND ND 0,005 
NA NA NA ND ND ND 0,006 
I NA NA NA 0,007 ND ND 0,013 NA NA NA 0,008 ND ND 0.042 
NA NA NA ND ND ND 0.006 
I NA NA NA ND ND ND 0.007 
NA NA NA ND ND ND 0.007 
I NA NA NA ND ND ND 0.008 NA NA NA 0.008 ND ND 0.016 
NA NA NA ND ND ND 0,007 
I NA NA NA ND ND ND 0,007 NA NA NA ND ND ND 0,008 
I NA NA NA ND ND ND 0,007 NA NA NA 0.008 ND ND 0,008 
7=NC 7 =0.008 
I 
I ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Table 7 (continued). Chlorinated hydrocarbon concentrations in least tern eggs in 1993. 
Shaded values equal or exceed the criterion for protection of biota. Means are geometric 
means. 
NC = Not calculable. NA = not analyzed. ND = not detected. 
Mass Percent Percent alpha CIS trans 
(g) Moisture LiQid HCB chlordane nonachlor nonachlor 
Manlgng 
10.6 72.5 NA NO NO NO 0.005 
4.1 73.2 NA NO NO NO 0.005 
6.3 74.4 NA 0.007 NO NO 0.014 
)<:-NC )<: -0.007 
and Herron (1989) found that in white-faced ibis (Plegadis chlhi) in Nevada, DDE was 
"significantly correlated with eggshell thinning and productivity decreased as DDE residues 
increased >4 ppm." Black-crowned night-herons (NyctJcoraxnydicorax) reproduction did not 
suffer until DDE concentrations in eggs of approximately 8 ).l?Jg were reached (Henny et a/. 
1984). Eggs of black skimmers (Rhynchops mger) in south Texas that had an average DDE 
concentration of I .9 ).l?Jg hatched successfully (Custer and Mitchell 1987). 
DDT was detected at very low concentrations in I I (22%) of the 1992 eggs, which shows 
that the terns had recently been exposed to DDT (DDT is readily metabolized to DDE and 
DDD). It was not detected in 1993 or 1994 eggs. The geometric mean p,p' -DDE 
concentration in all eggs in 1992 was 0.138 ).l?Jg; for all DDT compounds together it was 
0.133 ).l?Jg. In 1993 the geometric means were 0.086 ).l?Jg for p,p'-DDE, and 0.087 ).l?Jg for 
all DDT compounds. The highest value for p,p'-DDE in 1992 was 0.770 ).l?Jg, and in 1993 it 
was 0.388 ).l?Jg. These concentrations are not likely to have detrimental effects on the 
population. 
In the United States, aquatic biota are often exposed to polychlorinated biphenyls (PCBs); 
the aquatic link is still important to fish-consuming birds (Rice and O'Keefe 1995). Effects of 
PCBs on eggs are difficult to assess because different PCB congeners have dramatically 
different toxicities to developing embryos (Bnunstrbm and Andersson 1988, Rice and O'Keefe 
1995) and different genera have different tolerances of PCBs (Bnunstrbm 1989, Brunstrbm 
and Reutergardh 1986). In addition, growth reductions in embryos related to in-ovo PCB 
exposure are likely (Hoffman et at. 1986), but are not measurable in studies like ours. 
I 
I 
I Table 7 (continued), Chlorinated hydrocarbon concentrations in least tern eggs In 1993, Shaded values equal or exceed the criterion for protection of biota, Means are geometric 
means, NC = Not calculable, NA = not analyzed, ND = not detected, 
I heptachlor cyclodiene 
oxychlordane e~oxide dieldrin total ~,~'-DDE ~,~'-DDD 
I Kansas ND 0,010 0,029 0,068 0,098 ND 
I ND 0010 0,010 0.Q35 0,090 ND ND 0,014 0.G21 0,048 0,076 ND 
7=0,011 7=0,018 7=0,049 7=0,088 
I 0,007 0,014 0,064 0,121 ND 
I 0,007 0,013 0,066 0,092 ND 0,006 0,018 0,042 0,091 0,145 ND 
0,013 0,033 0.382 0,007 
I 0,004 0,018 0,044 0,136 ND 0,007 0,026 0,092 0,185 0,007 
7=0,007 7=0,019 7=0,064 7=0,158 7=NC 
I NQah QakQtil NO 0,006 0.036 0,051 0,115 NO 
I NO 0,006 0,018 0,033 0.030 NO 0,005 0005 0,011 0,027 0,049 NO 
0,006 0,006 0,006 0,024 0,060 NO 
I NO 0,020 0,059 0,096 0,086 NO 0008 0,017 0,017 0,085 0,152 0,017 
NO NO 0,006 0,019 0,051 0,013 
I 0,007 0,007 0,007 0,026 0,059 0,007 
NO NO 0,007 0.G21 0,076 NO 
I NO 0008 0,023 0,042 0,061 NO 0008 0,016 0,058 0,099 0,124 NO 
0,008 0,008 0,008 0,031 0,055 NO 
I 0,007 0,007 0,015 0,036 0,080 NO NO 0008 0008 0,027 0,069 NO 
I 0,007 0,007 0,015 0,036 0,058 NO 0,008 0,015 0,015 0,046 0,123 NO 
7=0,006 7=0,010 7=0,023 7 =0,055 7=0,091 7=NC 
I 
I ~ 
I 
-I 
I 
I 
,I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Table 7 (continued), Chlorinated hydrocarbon concentrations in least tern eggs in 1993, 
Shaded values equal or exceed the criterion for protection of biota, Means are geometric 
means, NC = Not calculable, NA = not analyzed, ND = not detected, 
heptachlor cyciodiene 
oxychlordane epoxide dieldrin total p, p'-DDE p, p'-DDD 
Montana 
ND 0,005 0,011 0025 0,060 ND 
0,005 0,005 ND 0,016 0,036 ND 
0,007 0,007 0,014 0,042 0,076 ND 
)( -0,004 )( -0,006 )( =0,007 )( -0,025 )( =0,055 
Eisler (1986) suggested that total PCB concentrations in avian eggs should be less than 16 
J)-g/g wet weight. based upon the research of Peakall et al (1972) with Aroclor 1254, In 
chickens, one of the most PCB-sensitive bird species, T umasonis et al. (1973) found that 
whole-egg Aroclor 1254 concentration of 4 J)-g/g or more reduced hatching success, Many 
other species are much more resistant to effects from PCBs (Custer and Heinz 1980, Harris 
and Osborn 1981, McLane and Hughes 1980), 
Wiemeyer et aI. (1978) found a mean PCB concentration of I ,2 J)-g/g and a much higher 
mean p,p' -DDE concentration in eggs from an osprey population with normal reproduction, 
Zicus et al. (1988) considered geometric mean PCB residues of 0,66 J)-g/g in hooded 
merganser eggs and 1,52 J)-g/g in goldeneye (Bucepha/a clangula) to be low, 
The geometric mean PCB concentrations in eggs in this study also were low (0,63-0,288 
J)-g/g wet weight), The concentrations were not at levels of concern for reproductive success, 
The best known effect of chlorinated hydrocarbons is interference with calcium metabolism 
and associated thinning of eggshells. That does not appear to be a problem in least terns from 
the northern Great Plains. Custer et aI. (1983) concluded that geometric mean DDE 
concentrations in roseate terns (Sterna dougailli) comparable to those we found in least terns 
had no effect on eggshell thickness, Least tern eggshells from Salt Plains National Wildlife in 
Oklahoma in 1993 and 1994 and Quivira from 199 I through 1993 were as thick as those 
from before the use of DDT (Koenen and Leslie 1996). 
I 
I 
I Table 7 (continued). Chlorinated hydrocarbon concentrations in least tern eggs in 1993. Shaded values equal or exceed the criterion for protection of biota. Means are geometric 
means. NC = Not calculable. NA = not analyzed. NO = not detected. I Arochlor Arochlor Arochlor Arochlor total 
I toxaphene 1242 1248 1254 1260 PCBs ~ 
0.049 NA NA NA NA 0.225 
I 0.050 NA NA NA NA 0.130 0035 NA NA NA NA 0.138 
~=0.044 ~=0.159 
I Nebraska ND NA NA NA NA 0.136 
I ND NA NA NA NA 0.112 ND NA NA NA NA 0.193 
ND NA NA NA NA 0.574 
I ND NA NA NA NA 0.259 ND NA NA NA NA 0.270 
~=0.222 I NQcth Qgkota 
ND NA NA NA NA 0.387 
I ND NA NA NA NA 0.157 ND NA NA NA NA 0.154 
ND NA NA NA NA 0.187 
I ND NA NA NA NA 0.356 ND NA NA NA NA 0.660 
I ND NA NA NA NA 0.147 ND NA NA NA NA 0.211 
ND NA NA NA NA 0.125 
I ND NA NA NA NA 0.190 ND NA NA NA NA 0.404 
ND NA NA NA NA 0.148 I ND NA NA NA NA 0.232 ND NA NA NA NA 0.231 
I ND NA NA NA NA 0.189 ND NA NA NA NA 0.231 
~=0.224 
I 
I ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Table 7 (concluded). Chlorinated hydrocarbon concentrations in least tern eggs in 1993. Shaded 
values equal or exceed the criterion for protection of biota. Means are geometric means. NC = Not 
calculable. NA = not analyzed. NO = not detected. 
Arochlor Arochlor Arochlor Arochlor total 
toxaQhene 1242 1248 1254 1260 PCBs 
Montana 
NO NA NA NA NA 0.143 
NO NA NA NA NA NO 
NO NA NA NA NA 0.152 
7-0.063 
Table 8. Chlorinated hydrocarbon concentrations in a least t tern egg from Montana in 1994. 
Shaded values equal or exceed the criterion for protection of biota. NA = not analyzed. All 
concentrations are uncorrected wet weight values. 
Mass 
(g) 
NA 
Percent 
Moisture 
NA 
Percent 
Lipid 
14.70 
cis trans heptachlor 
HCB nonachlor nonachlor epoxide 
<0.001 0.04 0.01 0.01 
cyclodiene Arochlor Arochlor Arochlor Arochlor 
total 
p, p'-DDE toxaphene 1242 1248 1254 1260 
0:10) 0.20 0.05 0.05 0.05 0.23 0.32 
INTERIOR LEAST TERN REPRODUCTION 
dieldrin 
0.Q3 
total 
PCBs 
NA 
The general exceedance of the 3 f.,tgjg dry weight criterion for selenium and the mercury and 
cyclodiene concentrations found are not conclusive as to their effects on interior least tern 
reproductive success. Intensive monitoring of interior least tern reproductive performance is 
needed to determine if recruitment has been negatively affected, but it appears to be low. 
Mayer and Dryer (1988) reported 62% hatching success for least terns along the Missouri 
River in North Dakota in 1988. I n the I 980s, the number of young fiedged per nesting pair in 
North Dakota, South Dakota, Nebraska, Kansas, and Oklahoma ranged from O. 15 at Salt 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Plains National Wildlife Refuge in Oklahoma to I .09 on the Cimarron River in Kansas. 
Excluding the value from the Cimarron River, however, the highest recruitment found was 
0.71 young per pair (Sidle and Harrison 1990). 
Least terns are relatively long lived (some live over 20 years, Thompson 1982) so 
recruitment need not be very high to sustain a population if adult survival is 85%., and the 
Service established a goal of 0.70 fledglings produced per nesting pair for U. S. Army Corps of 
Engineers operations of the Missouri River mainstem (McPhillips 1993). However, Kirsch 
(1993) estimated that least terns along the lower Platte River in Nebraska produced only 0.50 
young per pair from 1987 through 1990. Using a hypothetical annual post-fledging survival 
rate of 85% (also the value determined for Mississippi River adult terns in Missouri by Renken 
and Smith [1995]), Kirsch found that even with optimistic assumptions, the productivity 
estimated found in the field showed a decline in the model interior least tern population. K. 
Dugger (1997) studied least tern nesting on the lower Mississippi River from 1986 through 
1992. Using a modified version of the deterministic model for piping plovers developed by 
Ryan et a! (1993), Dugger found that productivity of I chick per nesting pair per year would 
be necessary to maintain a stable least tern population. 
Productivity in the Northern Great Plains States 
Though Rattlesnake Creek (which flows through Quivira) typically has some of the highest 
selenium concentrations in surface waters in Kansas (Kansas Department of Health and 
Environment 1991), Allen and Wilson (1990) found that selenium concentrations in sediments, 
algae, and common carp (Cypnnus carpIo) and biota at Quivira were not elevated. However, 
selenium could be affecting least terns there. Boyd (1991) reported that in 1991 fledging 
success (at least one fledging per pair of adults) was 71 % at Quivira, and 73% for nests 
protected from predation, the highest success observed to date. In 1993 only 18% of all eggs 
hatched, though 47% of the nests were flooded or abandoned (Boyd 1993). Boyd's estimate 
of the overall least tern fledging rate for 13 years at Quivira (Figure 2) indicates generally poor 
recruitment, but the largest causes of nesting failure were predation and flooding, as was found 
in other studies (Mayer and Dryer 1988, Lingle 1993, Kirsch 1993). A detailed investigation of 
contaminants in water, sediments, invertebrates, forage fish, and large fish from a number of 
locations at Quivira by the Fish and Wildlife Service is ongoing. 
Data from the Nebraska Public Power District (NPPD, 1996) showed that from 1991 
through 1996 at islands and sand pits managed by NPPD on or adjacent to the central reach 
of the Platte River in Nebraska, least terns fledged 200 young from 199 nests, or 1.0 I young 
per nest. Thirty-seven young fledged from 32 nesting attempts on islands (I . 16 young per 
attempt), and 163 fledged from 167 nesting attempts in sand pits (0.98 young per attempt, 
Figure 2). NPPD data showed markedly better recruitment at managed sand pits than at 
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Figure 2. Young fledged per nesting pair of interior least terns in the northern Great Plains 
states, 1980-1996. Kansas data are for Quivira National Wildlife Refuge (Boyd 1993); 
Nebraska data are for sand pits along the North Platte River (Nebraska Public Power District 
1996); South and North Dakota data are for the Missouri River (G. Pavelka, U.s. Arrny Corps 
of Engineers, personal cornrnunication); and Montana data are frorn the Montana Piping 
Plover Recovery Cornrnittee ( 1995). 
unrnanaged pits frorn 1994 through 1996. Presurnably because of reduced hurnan 
disturbance and rneasures to reduce predation at rnanaged pits, terns at those locations 
fledged I .06 young per nesting atternpt, whereas terns at unnnanaged pits fledged just 0,29 
young per nesting atternpt 
The U.S. Arrny Corps of Engineers surnrnarized productivity data for least terns along the 
Missouri River in North Dakota and South Dakota frorn 1990 through 1996 (G, Pavelka, U.s. 
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Army Corps of Engineers, personal communication). Fledgling recruitment was generally 
poor; the number of young fledged per pair of adults ranged from 0.19 to 0.70 (Figure 2). 
Nesting success and reproduction figures for Montana (Figure 2) are similar to those for the 
other states. The number of young produced per nesting pair on the Missouri River ranged 
from 0.2 to 1.1 from 1990 through 1994 , and at Fort Peck Reservoir it ranged from 0 to 3.0 
(Montana Piping Plover Recovery Committee 1995). 
Least terns in other areas suffer low recruitment in at least some years. Garda and Ceballos 
(1995) reported that California least terns (Stema antJIlarum brownt) nesting on the protected 
Cuixmal beach In Jalisco, Mexico produced I .09 young per nesting pair in 1992, but only 0.44 
per pair in 1993. The low success in 1993 was due largely to flooding of nests. K. Dugger 
(1997) found that productivity on the lower Mississippi River ranged from 0.2 to 1.4 fledglings 
per pair (l': =0.66) from 1986 through 1992. 
Least tern nesting success from 1992 through 1994 in most locations in the study area was 
not sufficient to ensure survival of the northern Great Plains interior population. Though 
flooding and predation likely are the major causes of the low recruitment, the results of this 
study indicate that selenium and mercury may contribute to low reproduction. An analysis of 
least tern forage fish for contaminants and management of water in nesting areas to reduce 
selenium concentrations in least tern food sources should be undertaken. 
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